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DESCRIPTION 
TianszxussLOiri cable 

The invention rdates to a transmiffiaon cable Also, the present invention rdates to the field 
of MRI imping In particular, tiie present in^tion rdates to a transmisBiQn cable, the tee 
5 of atimmiisaoncableinaMMqstananda^^ 

The nudear resanance phenomenon has been 
resananoei, q)ectroscx3iy in^^ 

chemical cacnpositiQn& More recentiy, NMR and MR systems have been devdoped as 
1 0 medtcal diagnostic modalitifi^ hawng q^pKcations in imagiiig the anatocry as well as 
pofonningin VIVO, nonrinvasxve ^)ectiosGopic analysesL 

The NMR AIR phenomoian ca^ 

homo^ou^ polari2ing magnetic fidd, haviiiga stnmgth of, for exarr^le, 1.5T, by 
15 irradiating the object mthradio-fi:equmc^ Inmedical 
diagnostic ^Kcation^ thisis typicaUy accoirplidiedbypoationi^ to be 

€?camined in the fidd of an RF coil, having for example a cjtoidrical gaomi^ and ecvacgmig 
the RF coil wth an RF pov\^ amplifier. Upon cessation of the RF exritation, the same or a 
difiiamt RF coil is ijsed to delect the NMRyMR agpals emanating fixmi subj ect voltnne 
20 lying within the fidd of the KF ooiL In the coxme of a coirqiete NMR/3MR scan, pluralities 
of NMRyMR agnals are typically obsen/ed These signals may be vised to reomsl^ an 
imagp or qpechx)scqpic infomiation dxHit t^ 

For medical imagp:^ studies pdted linear mag^ 

25 theagpabtodesiiedaceaswthinthei^ 

In fte course of an NMR AIR ©camination, it is frequently desired to ^ly pulsed magnetic 

fidd gradients in eadi of the X, YandZ directions of aoin^enf^^ 
system. 
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are 



Khovm M or optioiial lecd^ MR oHls si«h as exairple sm^ 
combed to thehMRAlRscannarviastancferdco^ 

xtascoBnTroitousemoreiiunQneoaQinfi^Nl^^g^ 
ar^mMRIisthatduetotheuseofthestarKferdooaxial^^ 
5 to^epatiaitisquiteW^andinafiasesvvifhtheai^ 
Uxtoir^y, aprediction of parasitic iBsonaru^escaua^ 

po^lebecBuseof ti^anangement of adutrarilylocated optional coil^ vsiuch fl^«nsd,^ 
xr^ha^«dife^ oonfig«^ dife^ co^ 

10 Con,«ntionaUy,ba^cx>kabaUoons(coinr^ 

localresonancm Hov^e^^, ^inoe such bazooka baUoons are re«>nata^sthemsd^^ fheyaie 
exatabIeandxmycausethatalotafRFpov^o:isdi^pataldurix«ft^ 

Itistt^olgect of thept^t invention to avtidpar^^ 

A:cordii^to anexen:5,layennbodixrmtof thepr^i^^ 
sol^^v^ithat^ansa1issUmcablecc»rpri^ 

^Aiieteinti^fcstcables^Wkastoneconductarand;^ ' 

^thasat least oneseaanda«K3uctar.Theatkastonete 
s^tiscomectedto theat least onesax>nda»x3^ 
least one soies iinpedanoa 



15 



20 



Aivantagpoudy, acootdiiigtofhise.er^ 
t^^^^^^^cableisp^mdeci^chir^yb^ 

25 ^i^ot^asaoanventiQnalcoaxialcabH^chcanbet^ina^ 
con^^onal coaxial cabl^ but in,^iuchah.K)^xu>j«r^^ 
Furthemno.«,thist.3nsmi^ancableenablesal«>anA2^^ 

aixangpcnent according to this exerx^^laiyanbodinmt of &epr^in^^tion, ^ch acable 
ur?^ &e patient's seoMty in IMQl-scannes 

patient, eN^tifpartsof thecablefai off, or es«^ if fl^cablebr^aH sincem 
^sonancesoccurinthecable Inaddtionto that, thfe 
with any field strength. 
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Axx»xiiig to airoflia: e><eni^^ 
the tiansiinsam cd^le is leaJi^ 
cmductor of segpnertb <rf tihe 
capadtocsL A3wantag80i3dy,t]iisti3isa^^ 
handle and can be handled in the saM 

saniea{:|piicalio!ns as a coaxial cable ThajSy sixdh a transmission cable a 
cabia 

In anotha: ©aarplary enbodiment of the presoit invrntion as set forth in daim 3, eid 
portions of the cable areprovided wfh mbaersfor diiftingthe frequency of the signal 
transmitted by ihe cable Thij^ forexan^lebydiifdngaiefre^^ 
transnnittedby the cable to a H^ho: fieqi^^ 
adding much noise or distortian can be ieali2Bd 

Further e)Gen:plary aaibodiirients of ^ 

Aiofho: e^oenplary etribod^ 

ttar^cnisEioncableinaMREsysImv allovvingfor aninnpxjveds 
systemsbyagnificariflyrediKd^ 

Ftirtheniiori^ according to anotha: e^fleoplaryanbodiinent of fhepresait in\entiaa aMRI 
systanispaxmdedindudingatransnni^^ to 5. 

Aiolher e^oai^lary eo^ 

transcnisBioncable^ oonnpiisng a fbst cable s^pnent and a second cable s^^ 
first cable s^gpcient includes a plurality of first conductors and vdierein tine second cable 
segpcient includes a plurality of second conductors^ whoion the pltirality of first conductors is 
respectively connected to the plurality of second conductors via a plurality of series 
irrpecJancesL Asset£Qrftiinclaim9, suchacableinay'beusedtoaMR-cafhda:. 
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It imybeseen asthegist of anexBtnpIaiyen^odh^ 
transmmoncableisdividedirrfoahu^nutr^ 

smaUplecesareconnectedtoeachoft^viaseri^ca^ 
isreali^ ti^ conductors of itecablecihi^ 

byseaesoonductar^p eg in aooaxial c*Ieihesaemandihei^ 
The^andofhera^Qfii^p^inventianvmbec^ 



Exaiplaiyennbodixt^ofthepnesentm^^ 
refieamcBto thefoUovvmgdra^Am^ 

Fi& 1 ^adi^rair^cigKesentationof a^ne^ 
miagmgapparatusaoaDidingtoanexempd^ 

Kg 2isanK«edetaaedig3resentatiQnctffhen«aa^ 
irnaging apparatus diovvn in Fig 1. 

Fig 3 isadiagtamonaticrg^tesentati^ 
cable aoocKdingto the present invention. 

Hg 1 ^ov^aaiiqdifieddiagraniinaticrg^^ 
general oonsbructianofaiiagneticiesana^ 

mvention -I^i^gnetic resonance im^appatato 1 indudesafitst 

niagnetq^tenaZ ThefiistnnagpfitsystemZ isad^ 
n«8neticfiddAasindica^edvviihitea^cav^.inF% 
iragnet gstetrv v^iTid^ gpneiatesin^ 

fiIStpov^a:supplysouroef6rtheastInagnetsyste.n2a^drefe^ 

;systan4. 



AiRF coa 10 isptoNddedto ^nerateaRF HBgnettc altematingfidd Tfe 
oannectedtoaRF transmiaslon device v^audlindudesaR^ 
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furthmriorebeadapted to bei:^^ the detection of qin resoaianGe signals ^necatedby 
IheKP tisnaiTiflaonfiddin anobj shown). For the detection of sgAn 

resonance agpals gsnecated by the RF transmisaan jfidd, the RF coil 1 0 is connected to an 
RFieGaviiigdevic3e^\NMdiind^ The output of the sigpal ampli fier 

5 40isprow.dedtoadetecbarl6. 

The detector 16 is Gonnecbed to a oontad 
adapted to GOtttiX)! a rncxJulalor 20 fia^ 

control unit 1 8 is ad^ed to control the first power stqpply source 8 and a <£sp]sy 22, such as 
10 aCRT diqdayfcrdisplayirig an image reoonstrudBil^ 

FiJrtheniu>re, theiBispro^ and the 

detector 1 6, \\hid\ processes the measuring agfiala T he forv\ard and return RF signal traffic 
are sq^arated fern eadi ofho: by a separati 

15 

Rd6erenGediaEacter26 deagnates a cxx^lirig device aoan^d to cool the rnagp^ 
firstrnagnetg?stQ3a2vLacoo]itigdud:28. TheRFcoillO, \^ . 
the first ard second rnagpetsystencis 2 and 4 endosesa^ . 
of inedicalMRappHcatioris, fheexarniriatiQnA^ diotddbelargeenou^toendosea 
20 patient tobeexamrriedor at least apart of thepatient to beexamu^ 
arm. 

By the above arrangement, asteadjrrnagnrtic fidd A gradient fidds^. vdtudx sdect object 
slioesandaq^aliallyunifcKni^ dtematingfidd can be generated in the exanunation 
25 volume 3 0 . As alreacfy mentioned above, the RF coil 10 majr be adapted to be cq>able of 
combining the functions of trarmutter coils and measurir^ cools However, it is also posEible 
to lase cMetertt cdls for these two Am^ 

coils The assembly forrned by the first inagpetq^ andtheseoond 
magpet system 4 (gpadient coils) may be enclosed by an RF dnidding Faraday cage 34. 

30 

In addition to that, an opdonal recdve MR coil 52 can be provided, v\hidv for exarr^Ae may 
beaCl-colL 
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Refeencecharacter32 designatesafeectthrou^devl^ 

si^lysoxnoeS byn^of afixsesi^ylinfi42, cx^rmectedtofl^sg^ 
^^ofaRFcc«^on]i.^38,cam^toftefirstpov^«st^ysc^ 
a^dpav^e:st^]ir«42ardeanr^fofhecc^uru^^ 
leads36, vvWch arepDEfiaably reali2Bd as 

feed-flutn#^de«ioe32isoc«mectedfothesec«^ 
si^ycabfe46, toti«ton«gnets5^byrn.ar^of a 
I^lyabundleof cables ixchA^c^cable48vviuchte 

Prefe.3blythecable48betv^^fhe^eed-throu^cfev^^ 

mih a cable aocxading to ii^ present invention such as tte 

I^in.«ttionas^inFig 3. Hov^^, it xxiayalsobe^^^^ 

line aax^dingto thepresent inwntioninall decttical connections ptovdcJedmthin the 

Farad^ca8,34 or within anenvixon:^tirKiudix^st«>x^H^ 

each of thefizst supply cables46,thesecx>ndsupplycabl^48^ 

cabl^SOxnaybereali^byoneorxr^xBcablesaccc^dingtothep^ 
FurthenxK^,itisaIsopo^letox^cablesaax>^ 

fhecx>nnectionleads36,theRFoannectionline38,ttefcstsu^ 

si?^>lyline40. ThecablesacxxKdingfofl«p^in,«n^ 
catheter. 



2 ^aiTK^edetailedxet^tatiQnof theec^^ of^Mm apparah^ 

shovmmHg 1. I^o^de^toa^OLdu^necessaIyr«petition^ 
usedmFig 1 to designate ftesarrearoHte^dingde^ 

InHg2,the.eisapatient54artan^anapatimttabIe56vuti^ 
30.Refaably,ti^patient54isanan8edsuchfl^sIioeixnag^canbefi^ 

andoftheneckWithinQrinthedix^vidnityoftteexarrunatim 
Fovideddectdcalcannecdonequipa^forn^ainin^ 
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54 tobeexamnTed IntheexeniplaryembcxJin^m 2, theoe is provided a 

caanetaSS andalamp60. Hov\Bver, other eJectiical dewLcssiiecesBaryorusefd forexamir^^ 
the padent 54 m^be provided Tl^ ardfhelamp60aiB<xiniiect3^ 
third and fourth supply cables 62 and 64 to a power supply 6 6 • The third and fourth supply 
5 cables62 and 64 may also be tisedfor agPid transmisaaa fo^r exannple for transmitting an 
ioiage signal frxHn the caaiera 48 to tte As alreacfyrnentionedabove^ other 

decMcal eqmpment nnay be arranged \Nit^ 
examjie sensois far ineasuriiig the blood pressure of ite 

acthity of the patient 54. Also, thece m^be provided coriirnLinication equipment for 
10 oornmurucationWththepatieit54. 

Prrfecably, the third and fourth stj^ply cables 62 and 64 maybe realized v\ithin the cable 
aooordmg to the present invention, sixii as the or^ 

15 Fig SisasimpMedrgrosentatianof atransrrusaoncabl^ 

according to an e5<emplaryembcK^^ \ 
3 is a coaxial type cabl^ oorisislingof a plurality preferably a htjgen^ 
segpnenlsInFigSthQ^eisshownafiistcdDfes^p : 
third cable segpnait 100. Each of the liurality of cable segments 80, 90 and 100, pirferably 

20 asalengfhof appraxLrnatdy? A However, the leng(h of the indiAi^^ 

90 arid 100 may be sdedBd differently as long as iihel /L Thefirst cable 

segqnentSO comprises a first screen 80 aridafirstirmercQrK3i:K*ar82. The second cable 
s^pnent 90 coopises a second screen 91and a second iiT^ 

sapient 100 comprises afhirdscneen 101 and a third inner coaiductorlOZ As majrbe taken 
25 from. Rg 3, iiiese cable segpnents 80, 90 and 10 0 are connected via saies capadtors 85, 86, 
95 and 96 far both oorKiuctais of the coax t3pe cables (differ^^ the 
screens 81, 91 and 101 and the inna: conducbors 82, 92 and 102). In ddail, the first screm 
81 is connected to the second sasen 91 lAifhasedescapadtorSS insmesandthesecond 
screai91 iscaruiectedtotheiihiidscreenl bymearsof c^^^ arranged in series The 
3 0 first inner conductor 8 2 is connected to the second inner conductor 9 2 via a soies c^>adtor 
86 and the second irmo: conductor 92 is connected to tte 
another series c^»dtor 96. 
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At one md of the first cable segpnent 80 there is provided a firat irrfxer 1 11, v>iuch be 

combed toastarKJatdRFportandatoneendof the thirdc*le«^ 
FOvidedar«fherirtel21, vsirichni^beoom^ 
5 provided ... 

Ptefe^ly, (hec^iars85, 86, 95 and96 aresdectedtobeintheiangpof 1 pR Hov^^ 
thec^tyof €achcapadfor85, 86, 95 and96 niajr also be in the range of 0.5 pFto 2pF ' 
AxxmJingto an aspect of fhepresentin^^tovihec^ 

inpedanoesof appraxirnatdy500O, suchthat ac^tanceof ^xiinatdy2 5 pF is 
iBali2edat64]N^lhcaseii«cableistobet^inMRIg^ems^^ 
strengtlv these irr^^danoes^d be varied Eg for 128 MH2, arnaximumof 1 pF ^d 
besdected For32 MHiz^ arnaximutnof 4-5 pF shouldbesdected 

15 I^^JicationsinMR-scarrnet^eadtcapadtor85,86,95arTd96ispr^ 

intherar^gpoflpFinorderfoke^localresananc^asH^aspo^ ata 
MRfequency(4) thecabled^ctedinHg 3 iscx^rpletelyofifi^^ 
no pcsBa.iKtyforlocalhot^ts,i.e parasitic resQT^noe^^^ 
thetraiismitterpulse^theMR-scanner. Thu^ the transmit ooeffidetttS,, of the 

20 t'^^^oninalrix^isveryWtheM^ 

signal arrd^fepovMer transmissLotv ihembcas 111 and 121 m^beprovided for shifting a 
sigpaltobettar^ttedviali^cabletoaW^fi^ju^ 

tofti^the^letvNo-partg^LeWthestarKferdRFportllOtofhecoaFortl^^ 
adsasasln^tebutsafeooaxialcabkaruicanbeoarmectedtoan^^ ' 



Insteadof fl«c^«dtors85, 86, 95 and96, accordingtoan^ 

mducbvitiesin^bepiovidedThe*indudivLtiesn,^beintherangeQf5nH (for64 
MH^tolOnR A3vantagpously,thisaUovNsforthetransmi^QnQfadir^ The 
30 fi«quencycm.^on^uldthfinbein1heiatigpafafevN.MH2^su^ 
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Due to the alx)ve anBngaiierrt, a cable is provided \^Mdl is ii^eo^^ 
even if, for exan^l^ the cable breaks Also, the arranganent diownin Fig 3 allo^for a 
vaydimairangeiiifint of thecd^ such that tlie cable in^haveihe same di^^ 
exaDpIeaaDnvendonalcx)axialcab^^ FintheniOB, thearrangeoMitof Fig 3 may be teed in 
5 cambiiTatiQn\Aith a oanventional cx)axial cable and can be adapted to astandard cable system. 
FxirfhairiaDe, asaheacfyindicatedaboveip the tianstiusaon cable d1ov^n in Fig 3 maybe used 
for AC power transmisaon Also, thetcansmisBicncd^leaooordingtofheejQe^ 
ennbodiirient depicted in Fig 3 is usable in MR systems with any field strengfh or may eaaly 
be adapted to any £Ldd sbsngjlx Instead of the ai^^ 
1 0 two conductOE^ a inulti^onduclor system may also be used for ircploiifinting the presoit 
invention. 

Apart from a coaxial type cable, tiie present indention can be in^lemmted in any kind of 
tian smiSBio n cabla CdbleshavingapliiraRty of conductors rnay be ieali2Bd in accoidanoe 
15 with the ppesent invention Also, siir^^ 
acaaodance with the pneser± invent 

Also, aa:oaxfing to an ^3ect of the present inA^tion,i , 
Fig 3, paraM or sqM resonant ctrxMts may be 

20 

Apart fromLbongusedin MR /NMR appJications^ the transmisaon cable accotdmgto the 
pnesent in\?mtion inay also be imi in other en^^^ 
a^forexamide^ ac|"aoenttodectriciiiadiine& Also, tte 
invention m^be used for a MR-cafheter. 

25 
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CLAIMS 



1. TiansmissumcabHtitetransmi^ 

atkastcH^fixstcx«K3uctarand.>i^fhes^ 
oonductoa^ 

5 ^^^^^^^^nefixstoanductarofthefirstcables^ 
atleastor^seoandoarKJuclorQfihesBocH.^ 

2. The tiansmisaan cable of dam 

^^i^^thetraimusaancableisaooax^ 



10 



^^*«eintheatleastanfifiistocnductQriiKiudes 
cxanductor; 

^^*^theatleastonesecx^oanductca:i^ 
oonductat; 



^^*^*^^fi^sciBmisoQnnecfedtofheseo^ 



15 

c^tor of the at least one series capadtoi^- and 

^Ni^thefirstirmeroonducforisoQnr^ied^ 
meansQf another series capadtor of the at least cffiea^ 

20 3^ /^^'^^'^-J^cableofcto^^ 

^e^ofthefirstandsecar^encfeisj^^fl.arnix^ 

a signal ttanstnittedby the cable o / 



4. 



The transmiaston cable of daiml, v^tee^nfe 



25 lealizBdasacqjadtoWthacapadlyinlheran^QflpF^ 
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5. The ti^nanissim cable of 
xeaBaod as an. iiidudDr vvi^ 

5 6. . UseofatransonisBioncsbleinanMM-^ 

a first cable segpnent and a seoootid cable segpnent, vduojein the fitst cable segpnent has 
at least csne first cooduclxr and 
canductor; 

vsiierein the at kast ooe fiist cos^^ 
10 at le^ me second oosnducfcor of the second cable s^^ 

7. MRIg^stanmfhattamrda^ 

a first cable segpnent and a second cable segpigtt wiietEm the first cable sapient has 
at least one first conductor and 
15 conductor; 

vtean the at least crie first conductor of ti^ 
at least one second conductor of the second cable s^piert . 

8. Transmission cables conipiising: 

20 a fiist cable segpnent and a second cable s^pnent, 

wherein the first cable segment includes a plurality of first canductacs and TAhecein 
the second cable segment indudes a plurality of second conductor^ 

wherein the plurality of first conductors is respedivdy connected to the plurality of 
second Gonductozs \i£L aplurality of soles impedance 

25 

9. Thetransmisacncabkof damS, witer^ 
calhider. 
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ZUSAMMENFASSUNG 



Tranainsaon cable 



Theuseof standatdooaxialc^tesJfe, eg oormecti^ 

scanretshastheprobleaithat parasitic cable i^ananoesin^ occur, Wuchir,^ cause KF 

bumstoapatient Axxjrdiiigtothepteseritin^ 

nuirfcer of smdl pieces Eadi conductor in ftestmttpi^ 

conductor in anoftersmaU piece viaaaeries cap«dtar. 

cable aaxirdii^tothepresetTtinventionisoaiiplfifdy^^ 
lesoTiance may' occur. 



(Fi&3) 
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